Abstract. Advanced bladder cancer is treated mainly with gemcitabine and cisplatin, but most patients eventually become resistance. Androgen receptor (AR) signaling has been implicated in bladder cancer as well as other types of cancer including prostate cancer. In this study, we investigated the expression and role of AR in gemcitabine-resistant bladder cancer cells and also the potential of enzalutamide, an AR inhibitor, as a therapeutic for the chemoresistance. First of all, we established gemcitabine-resistant T24 cells (T24GR) from T24 bladder cancer cells and performed gene expression profiling. Microarray analysis revealed upregulation of AR expression in T24GR cells compared with T24 cells. AR mRNA and protein expression was confirmed to be increased in T24GR cells, respectively, by quantitative RT-PCR and western blot analysis, which was associated with more potent AR transcriptional activity as measured by luciferase reporter assay. The copy number of AR gene in T24GR cells determined by PCR was twice as many as that of T24 cells. AR silencing by siRNA transfection resulted in inhibition of proliferation of T24GR cells. Cell culture in charcoal-stripped serum and treatment with enzalutamide inhibited growth of T24GR cells, which was accompanied by cell cycle arrest. AR transcriptional activity was found to be reduced in T24GR cells by enzalutamide treatment. Lastly, enzalutamide also inhibited cell proliferation of HTB5 bladder cancer cells that express AR and possess intrinsic resistance to gemcitabine. Our results suggest that enzalutamide may have the potential to treat patients with advanced gemcitabine-resistant bladder cancer with increased AR expression.
Introduction
Bladder cancer is one of the most commonly diagnosed cancers worldwide (1) . The combination chemotherapy with methotrexate, vinblastine, doxorubicin, and cisplatin (M-VAC) was reported in 1985 (2) which thereafter became the standard chemotherapy for patients with bladder cancer (3) . Nowadays, the combination chemotherapy of gemcitabine and cisplatin (GC) has replaced M-VAC therapy as a first-line treatment for bladder cancer patients, because GC exhibited similar efficacy to M-VAC with less adverse events (4, 5) . Although bladder cancer is relatively sensitive to chemotherapy, drug-resistance is inevitable and occurs within a few years in most cases. However, there has been no clearly established second-line therapy for bladder cancer resistant to first-line chemotherapy (6) .
Androgen receptor (AR), one of the steroid hormone receptors, is a transcriptional factor whose activity is modulated by androgens. AR plays an important role in the survival of prostate cancer cells (7) . In addition, AR has been implicated in other types of cancer including bladder cancer as well as liver, kidney, breast, and lung cancer (8) (9) (10) (11) . A study demonstrated that downregulation of AR expression inhibited bladder cancer cell growth in vitro and in vivo (12) . It has been also shown that expression of AR was higher in doxorubicin-resistant bladder cancer cells than sensitive cells and that androgen/AR signaling correlated with the effectiveness of doxorubicin (13) .
In this study, in an attempt to identify novel therapeutic targets for gemcitabine-resistance, we developed gemcitabineresistant bladder cancer cells from sensitive cells and performed microarray analysis. We found that AR expression was upregulated in gemcitabine-resistant cancer cells compared with parental cells. We then investigated the effects on growth of gemcitabine-resistant cancer cells of AR knockdown as well as culture in charcoal-stripped serum (Css) and treatment with enzalutamide, a second-generation non-steroidal AR inhibitor used for castration-resistant prostate cancer (CRPC) patients. We also studied the effect of enzalutamide on gemcitabineresistance. Finally, we examined if enzalutamide could inhibit growth of AR-expressing bladder cancer cells with intrinsic gemcitabine-resistance. Our results suggested that blockade of AR signaling by enzalutamide might be effective for patients with advanced gemcitabine-resistant bladder cancer with increased AR expression.
Materials and methods
Reagents and antibodies. Gemcitabine and enzalutamide were from sigma-Aldrich (st. louis, Mo, usA) and MedChem express LLC (Princeton, NJ, UsA), respectively. Dihydrotestosterone (DHT) was purchased from Tokyo Chemical Industry (Tokyo, Japan). Anti-β-actin (#3700), anti-AR (#5153), anti-cyclin D1 (#2978), anti-cyclin B1 (#12231), anti-caspase-3 (#9662) and anti-cleaved caspase-3 (#9664) antibodies were from Cell signaling technology (Danvers, MA, usA).
Cell culture and establishment of gemcitabine-resistant cells. T24 human bladder cancer cell line was obtained from RIKEN Cell Bank (Tsukuba, Japan). Cells were cultured in RPMi-1640 medium supplemented with 10% fetal bovine serum (FBs). T24 cells were initially cultured in the medium containing 5 nM gemcitabine and the dose was gradually increased over 3 months. Finally, we obtained gemcitabineresistant t24 cells (t24GR) viable in the presence of 50 nM gemcitabine. in specified experiments, cells were cultured in Css from thermo fisher scientific (waltham, MA, usA). HTB5 human bladder cancer cell line was obtained from American type Culture Collection (Manassas, VA, usA) and cultured in RPMi-1640 medium supplemented with 10% fBs.
Cell growth and viability assay. The number of living cells was counted manually or automatically by using Countess Automated Cell Counter (Invitrogen, Carlsbad, CA, UsA) after staining with trypan blue. The sensitivity to gemcitabine and enzalutamide was determined by WsT-1 assay using the kit from Roche Diagnostics (Mannheim, Germany).
Microarray analysis of mRNA. Total RNA extracted by the miRNeasy Mini kit (Qiagen, hilden, Germany) was used for the labeling and hybridization to the Agilent surePrint G3 human Ge Microarray 8x60K (Agilent technologies, santa Clara, CA, UsA). After washing, the microarrays were scanned on the Agilent DNA Microarray scanner (Agilent Technologies). Raw data were collected using Agilent Feature Extraction software and analyzed using the Genespring GX11 (Agilent Technologies). The signal intensity of each probe was normalized by a percentile shift, in which each value was divided by the 75th percentile of all values in its array. Only the probes that had expression flags present under at least one condition were considered. Data were compared using t-tests, with a significance level set at P<0.05. the remaining probes were selected using the criterion of at least a 3-fold change.
The microarray data have been deposited in the NCBI Gene Expression Omnibus (GEO) and are accessible through the GEO series accession no. GsE77883 (http://www.ncbi.nlm. nih.gov/geo/query/acc.cgi?acc=GsE77883).
Quantitative RT-PCR. Total RNA extracted using the miRNeasy Mini kit with on-column DNase i treatment was reverse transcribed using the Revertra Ace qPCR Rt Master Mix (toyobo, osaka, japan). Quantitative Rt-PCR was performed on the stepOnePlus Real-Time PCR system (Applied Biosystems, Foster City, CA, UsA) using the thunderbird syBR qPCR Mix (toyobo). PCR conditions include a denaturation at 95˚C 1 min, followed by 40 cycles of 15 sec at 95˚C and 1 min at 60˚C. Primer sequences were as follows: AR forward, 5'-tGtACACGtGGtCAAGtGGG-3'; reverse, 5'-GTGCATGCGGTACTCATTGAA-3'. 18s ribosomal RNA forward, 5'-GtAACCCGttGAACCCCAtt-3'; reverse, 5'-CCATCCAATCGGTAGTAGCG-3'. The relative expression was expressed as a ratio of AR to 18s rRNA.
Western blot analysis. Whole cell lysates were prepared in lysis buffer [1% Nonidet P-40, 0.1% sodium deoxycholate, 0.1% sodium dodecyl sulfate, 1 mM eDtA, 150 mM NaCl, and 10 mM tris-hCl (ph 7.4)] containing protease inhibitor cocktail (sigma-Aldrich). Cell lysates were subjected to electrophoresis on 4-15% sDs-polyacrylamide gels (Bio-Rad, hercules, CA, usA) and transferred to polyvinylidene difluoride membranes. After blocking in non-fat milk, membranes were incubated overnight at 4˚C with primary antibodies followed by incubation for 60 min at room temperature with a horseradish peroxidaselinked secondary antibodies. Immunoreactive bands were detected by using the enhanced chemiluminescence (ECL) detection system (GE Healthcare).
Luciferase reporter assay. Twenty-four hours after seeding cells (2.5x10 5 ) into a 12-well plate, the pGl4 firefly luciferase reporter gene (Promega, Madison, wi, usA) containing 4 copies of the androgen response element (ARe; 5'-GCtAGC ACTTGCTGTTCTGCA-3') (14) upstream of the minimal promoter were co-transfected for 6 h with the Renilla expressing plasmid (phRL-TK, Promega) using Lipofectamine 2000 (Thermo Fisher scientific). Firefly and Renilla luciferase activities were measured using the Pikkagene Dual Luciferase assay systems (Toyo B-Net, Tokyo, Japan). The AR transcriptional activity was expressed as a ratio of firefly to Renilla luciferase activity.
AR copy number assay. Genomic DNA was extracted using the Nucleospin Tissue (Takara, Kusatsu, Japan). The copy number variation of AR gene was determined by using the taqMan Copy Number assay (assay id: Hs00034522_cn, Applied Biosystems). the taqMan Copy Number Reference assay (RNaseP, assay id: 4403326, Applied Biosystems) was used as an internal control. The assay was performed on the stepOnePlus PCR system using the taqMan Genotyping Master Mix (Applied Biosystems) and 20 ng of genomic DNA. PCR conditions were 95˚C for 10 min for initial denaturation and enzyme activation, followed by 40 cycles of 15 sec at 95˚C and 1 min at 60˚C. the copy number of the AR gene was estimated from the Ct values by using the CopyCaller software (Applied Biosystems).
Small interfering RNA transfection. Two small interfering RNAs (siRNAs) for human AR gene were from Dharmacon GE Healthcare (Lafayette, CO, UsA). Target sequences of the AR siRNAs were as follows: siRNA1, 5'-GGAACUCGAUC GUAUCAUU-3', siRNA2, 5'-UCAAGGAACUCGAUCG uAu-3' . As a negative control siRNA, siGeNoMe non-targeting siRNA control gene was used (thermo fisher scientific). each siRNA was transfected into cells for 6 h at 10 nM using Lipofectamine 2000.
Evaluation of drug interaction. Drug interaction was assessed based on the method described by Chou and Talalay (15) and the combination index (CI) was determined using the Compusyn software.
Statistical analysis. student's t-test was used for comparison between two groups. statistical significance was defined as a P-value of <0.05.
Results

Establishment of gemcitabine-resistant T24 bladder cancer cells.
We developed gemcitabine-resistant T24 cells from parental T24 cells by treating cells with increasing concentrations of gemcitabine over 3 months. We performed WsT-1 assay to examine the sensitivity of T24 and T24GR cells to gemcitabine. As shown in Fig. 1 , T24GR cells were resistant to gemcitabine compared to parental T24 cells. The IC 50 values of t24 cells and t24GR were 5.99 nM and 3.46 µM, respectively (577.4-fold).
Increased expression of AR in T24GR cells. We investigated mRNA expression profiles of t24 and t24GR cells. Microarray analysis of mRNA expression showed that 596 genes were upregulated >3-fold in T24GR cells compared with T24 cells (data not shown). AR expression was 32-fold higher in T24GR cells than in T24 cells (Table I ). Network analysis of 118 genes whose expression was elevated by >10-fold in T24GR cells than in t24 cells identified 5 gene networks, one of which was AR-related gene network (Fig. 2 ). As shown in Fig. 3A , quantitative Rt-PCR confirmed that AR mRNA level in t24GR cells was significantly higher than that in t24 cells (40.5-fold).
In accordance with the mRNA change, AR protein expression was markedly increased in T24GR cells compared with T24 cells (Fig. 3B) . We also investigated the AR transcriptional activity in T24 and T24GR cells by luciferase reporter assays. Consistent with the increased expression of AR mRNA and protein, the AR transcriptional activity in T24 GR cells was about 6 times higher than that in t24 cells in normal medium (Fig. 3C) . These results indicated that AR expression was increased in gemcitabine-resistant T24GR cells compared with gemcitabine-sensitive T24 cells, which was also shown to be functional. since AR signaling has been implicated in bladder cancer (16), we selected and focused on AR in subsequent studies.
AR gene copy number change contributed to increased AR expression in T24GR cells.
In an attempt to identify the mechanism underlying the increased expression of AR in T24GR 5 ) seeded in a 12-well plate. six hours after transfection, the medium was replaced with normal medium. Twenty-four hours later, transfected T24 and T24GR cells were subjected to luciferase assay. The AR transcriptional activity was expressed as a ratio of firefly to Renilla luciferase activity. Data are expressed as mean ± sD (n=3) and asterisk indicates statistical significance compared with t24 cells ( * P<0.05). (D) Genomic DNA was isolated from t24 and t24GR cells and the copy number of the AR gene was determined by using the taqMan Copy Number assay. The copy number of the AR gene was estimated from the Ct values. Data are expressed as mean ± sD (n=4). cells, we examined whether the AR gene copy number was changed between T24 and T24GR cells. The results showed that the number of AR gene copy in T24GR cells was twice as many as that of T24 cells (Fig. 3D) , which was supposed to be one of the reasons for upregulation of AR in T24GR cells.
AR knockdown inhibited proliferation of T24GR cells.
It has been reported that AR plays an important role in growth of bladder cancer cells (12,13). Here we inhibited AR expression by siRNA transfection and examined the effect on proliferation of T24GR cells cultured in the medium containing FBs. As shown in Fig. 4A , AR protein expression was effectively reduced by both AR1 siRNA and AR2 siRNA. The proliferation of AR siRNA-transfected cells was significantly inhibited compared to control siRNA-transfected cells (Fig. 4B) . These results suggested that elevated AR expression was involved in proliferation of T24GR cells. 4 cells were seeded in a 6-well plate and cultured in the medium containing fBs. Viable cell number was counted at indicated times after seeding by trypan blue dye exclusion assay. Data are expressed as mean ± sD (n=3). Figure 5 . Effects of culture in Css and treatment with enzalutamide on growth of T24GR cells. T24 and T24GR cells (5x10 5 ) were seeded in a 6-well plate and cultured for 24 h. the culture medium was changed to that containing Css or fBs (control) (A) or that containing 50 µM enzalutamide or vehicle (DMso) (B). seventy-two hours later, viable cell number was counted by trypan blue dye exclusion assay. the cell number is presented relative to that of control or DMso treatment (set as 100%). Data are expressed as mean ± sD (n=3) and asterisk indicates statistical significance compared with control ( * P<0.05).
Culture in CSS and treatment with enzalutamide inhibited growth of T24GR cells. since AR knockdown reduced growth
of T24GR cells, we examined the effect of androgen depletion and enzalutamide treatment. In order to deplete androgens, we cultured T24 and T24GR cells in the medium containing Css or FBs and compared the cell viability. Culture in Css did not affect the viability of T24 cells, but the number of viable T24GR cells cultured in Css was lower than that cultured in FBs (Fig. 5A) . However, the addition of DHT to the medium containing Css did not promote growth of T24GR cells (data not shown). Next, we investigated the effects of enzalutamide, an AR inhibitor, on growth of both cell types. Enzalutamide inhibited the viability of t24GR cells significantly, whereas it also reduced that of T24 cells expressing little or no AR, although to a lesser extent (Fig. 5B) . These results suggested that proliferation of T24GR cells depended on AR signaling and was inhibited by culture in Css and treatment with enzalutamide. The absence of DHT effect on proliferation in Css also suggested that AR might be activated other than androgens, which were present in FBs but not in Css.
Growth inhibition of T24GR cells by culture in CSS and treatment with enzalutamide was mediated by cell cycle arrest.
In order to investigate whether the inhibitory effects of culture in Css and treatment with enzalutamide on the growth of T24GR cells are mediated through cell cycle arrest or apoptosis, we performed western blot analysis for cyclins and caspase-3. As shown in fig. 6 , expression of cyclin D1 was significantly lower in t24GR cells cultured in Css and in those treated with enzalutamide. In T24 cells treated with enzalutamide, cyclin D1 expression was slightly decreased compared with those treated with vehicle, which was consistent with the enzalutamide effect on growth of T24 cells (Fig. 5B) . Expression of cyclin B1 was not affected by culture in Css and treatment with enzalutamide in either T24 or T24GR cells. On the other hand, cleaved caspase-3 was not detected in either T24 or T24GR cells under any experimental conditions tested, although caspase-3 was expressed at the same level (data not shown). These results suggested that culture in Css and treatment with enzalutamide might inhibit growth of T24GR cells via induction of cell cycle arrest but not of apoptosis.
Inhibition of AR transcriptional activity by enzalutamide treatment in T24GR cells.
Enzalutamide exerts an antitumor activity through preventing androgen binding to the ligand-binding domain of AR, and also through inhibiting AR nuclear translocation, DNA binding, and coactivator recruitment (17, 18) . Here we measured the AR transcriptional activity in T24GR cells treated with enzalutamide. The AR transcriptional activity was decreased in T24GR cells treated with enzalutamide compared with those treated with vehicle (Fig. 7) .
Effects of enzalutamide on gemcitabine-resistance in T24GR
cells. In order to study the combined effects, we treated figure 6 . effects of culture in Css and treatment with enzalutamide on cell cycle of t24GR cells. t24 and t24GR cells (5x10 5 ) were seeded in a 6-well plate and cultured for 24 h. the culture medium was changed to that containing Css or fBs (control) (A) or that containing 50 µM enzalutamide or vehicle (DMso) (B). seventy-two hours later, cell lysates were harvested and subjected to western blot analysis for cyclin B1, D1 and β-actin. Figure 7 . Effects of enzalutamide on AR transcriptional activity in T24GR cells. the firefly luciferase reporter gene containing 4 copies of ARe and the Renilla luciferase expressing plasmid were transfected into cells (2.5x10 5 ) seeded in a 12-well plate. six hours after transfection, the medium was replaced with normal medium. After 24 h culture in normal medium, cells were treated with 50 µM enzalutamide or vehicle (DMso) for 24 h prior to luciferase assay. The AR transcriptional activity was expressed as a ratio of firefly to Renilla luciferase activity. Data are expressed as mean ± sD (n=3) and asterisk indicates statistical significance compared with vehicle ( * P<0.05).
cells with enzalutamide and gemcitabine. Treatment with enzalutamide reduced viability of T24GR cells treated with gemcitabine (Fig. 8A) . The calculated CI was 0.847 at Fa of 0.5, showing synergy between these two drugs. Western blot analysis demonstrated that gemcitabine, enzalutamide and both decreased cyclin D1 expression. However, the level of cleaved caspase-3 was decreased by the co-presence of enzalutamide (Fig. 8B) , indicating that enzalutamide did not enhance but rather diminished cleavage of caspase-3 mediated by gemcitabine. These results suggested that enzalutamide could attenuate gemcitabine-resistance of T24GR cells.
Growth inhibition of HTB5 cells by enzalutamide.
Lastly, we investigated the effects of enzalutamide in HTB5 bladder cancer cell line that was shown to express AR and possess intrinsic resistance to gemcitabine (19, 20) . Treatment with enzalutamide inhibited cell proliferation (Fig. 9A) , which was accompanied by a decrease in cyclin D1 expression (Fig. 9B) . These results suggest that enzalutamide inhibits growth of AR-expressing bladder cancer cells with intrinsic (HTB5) as well as acquired (T24GR) resistance to gemcitabine.
Discussion
Gemcitabine, difluorodeoxycytidine, is widely used for treatment of many types of cancer including lung, pancreatic, biliary tract, breast, and urothelial cancer, but most patients treated with gemcitabine eventually acquire resistance. Although genes involved in drug transport and those involved in drug metabolism have been proposed to be involved in gemcitabine resistance (21) (22) (23) (24) (25) the underlying mechanisms remain still unclear. In an attempt to identify novel therapeutic targets for gemcitabine-resistance, we developed gemcitabine-resistant bladder cancer cells from sensitive cells and performed microarray analysis. We found that expression of functional AR was elevated in T24GR cells compared with T24 cells, which was shown to be caused in part due to increased AR gene copy number.
AR plays an important role in the survival of prostate cancer cells (7) . Androgen deprivation therapy therefore has been used as a primary treatment for patients with prostate cancer, but eventually becomes ineffective, the condition of which is designated as CRPC. AR mutation and amplification as well as deregulation of AR co-regulator/activator have been proposed to be responsible for castration-resistance (26, 27) . it has been also demonstrated that AR splice variants influence sensitivity to taxane, which is used for the treatment of CRPC (28). On the other hand, AR has been implicated ) seeded in a 6-well plate were cultured for 24 h. the culture medium was changed to that containing 120 µM enzalutamide or vehicle (DMso) and cultured for 72 h. Viable cell number was counted by trypan blue dye exclusion assay. the cell number is presented relative to that of DMso treatment (set as 100%). Data are expressed as mean ± sD (n=3) and asterisk indicates statistical significance compared with control ( * P<0.05). (B) Cells (1x10 5 ) seeded in 6-well plate were treated with enzalutamide (120 µM) for 72 h. Cell lysates were then harvested and subjected to western blot analysis for cyclin D1, cyclin B1 and β-actin. in a variety of cancers including bladder cancer (8) (9) (10) (11) and also in drug-resistance cancers such as doxorubicin-resistant bladder cancer (13) as well as cisplatin-resistant endometrial cancer and taxol-resistant ovarian cancer (29, 30) . As far as we know, our study is the first report that associated AR with gemcitabine-resistance of cancer cells.
since AR signaling has been implicated in cancer, it would be possible that the high level of AR might favor growth and survival of T24GR cells. Indeed, AR knockdown reduced growth of gemcitabine-resistant T24GR cells. In addition, culture in the medium containing Css inhibited growth of T24GR cells overexpressing AR, which was found to be mediated in part by induction of cell cycle arrest. However, DHT did not promote proliferation of T24GR cells cultured in the medium containing Css. Css is depleted not only of steroid hormones but also of some growth factors, cytokines and nutrients. The lack of proliferation by DHT might be because AR signaling was activated by other factors than androgens, which were present in FBs but absent in Css. Growth inhibition in the medium containing Css may be ascribed to the depletion of some important factors for the survival of T24GR cells.
These results led us to hypothesize that anti-androgen drugs could be a new treatment for chemoresistant bladder cancer. Enzalutamide is a second-generation non-steroidal AR inhibitor used for CRPC patients, which has a greater affinity for AR than conventional anti-androgen agents such as bicalutamide (18) . It has been also shown that the underlying mechanisms of enzalutamide action are distinct from other anti-androgen drugs in that enzalutamide inhibits not only androgen binding to the ligand-binding domain of AR but also AR nuclear translocation, DNA binding and coactivator recruitment (17) . We demonstrated that enzalutamide inhibited growth of T24GR cells more potently than T24 cells through inducing cell cycle arrest. this is consistent with the finding that AR expression was much higher in T24GR cells than in T24 cells. However, enzalutamide also inhibited growth of T24 cells expressing little or no AR, although to a lesser extent, which was also associated with cell cycle arrest. These results suggest the presence of AR-independent mechanisms of enzalutamide to inhibit cell growth. Alternatively, a residual amount of AR in T24 cells might take part in the inhibition. the underlying mechanism remains to be clarified by future studies. Lastly, we showed that the AR transcriptional activity was reduced by enzalutamide treatment in T24GR cells cultured in normal medium. Taken together, it was suggested that enzalutamide inhibits growth of AR-positive T24GR cells through suppressing AR signaling which is presumably activated by non-androgen ligands and also of AR-negative T24 cells through AR-independent mechanism.
A recent report revealed that a risk for bladder cancer recurrence was significantly lower in patients having received androgen deprivation therapy for prostate cancer (31) , suggesting a role of AR signaling for cancer initiation, promotion and progression. Mashhadi et al evaluated 120 bladder cancer patients and examined relations between AR expression and tumor stage or grade (32) . The patients with AR-positive tumor showed worse prognosis than those with AR-negative tumor. however, there are some conflicting reports showing that loss of AR was associated with high-grade and high-stage bladder cancer (33) . thus, the significance of AR in bladder cancer appears to be controversial in pathological and clinical studies. It remains to be studied whether AR is upregulated in patients with gemcitabine-resistant bladder cancer and whether AR expression correlates with gemcitabine-efficacy.
In this study, we showed that enzalutamide inhibits growth of AR-expressing bladder cancer cells with both acquired and intrinsic gemcitabine-resistance through cell cycle arrest. We also found that enzalutamide could attenuate gemcitabineresistance of T24GR cells. However, enzalutamide that causes a cytostatic response did not enhance but rather diminished an apoptotic response mediated by gemcitabine. The precise mechanisms underlying the combined effects remain to be studied.
It has been very recently reported that AR expression is elevated in cisplatin-resistant bladder cancer cells and is associated with resistance to cisplatin-based neoadjuvant chemotherapy (34) . Furthermore, AR inactivation sensitized bladder cancer cells to cisplatin treatment. The authors also showed that enzalutamide inhibits the growth and AR expression/transcriptional activity in bladder cancer cells (35) . Taken together, our study and others provided evidence that AR could be a therapeutic target for bladder cancer patients who exhibited resistance to GC therapy.
In conclusion, we demonstrated that enzalutamide inhibits proliferation of AR-expressing bladder cancer cell lines with acquired and intrinsic gemcitabine-resistance, suggesting that enzalutamide might be effective for patients with advanced gemcitabine-resistant bladder cancer with increased AR expression. the efficacy of enzalutamide treatment in patients with advanced bladder cancer needs to be established by clinical studies.
